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(54) Title: DRUG TARGETING SYSTEM, METHOD OF ITS PREPARATION AND ITS USE 
(57) Abstract 

A composition and method of fabrication are presented with which nanoparticles may be used as a tool to deliver drugs to a specific 
target within or on a mammalian body. Specifically, by using stabilizers other than Dextran 70.000 during the polymerization process, 
according to the present invention, surfactants, which were deemed necessary coating material in the prior art, are no longer required. 
This is a significant simplification of the fabrication procedure. Many substances are useful as stabilizers, but the preferred stabilizers 
comprise Dextran 12.000 or polysorbate 85. In the present invention a drug is either incorporated into or adsorbed onto the stabilized 
nanoparticles. This drug/nanoparticle complex is then administered to the organism on any route such as by oral application, injection or 
inhalation, whereupon the drug exerts its effect at the desired site of pharmacological action. In a novel medical treatment process, the 
drug/nanoparticle complex may be administered preferably either by intravenous injection or by oral application. The resulting drug action, 
flfeiich does not occur or which occurs only to an insufficient extent when the drug is administered alone, shows that when linked to said 
nanoparticles drugs can reach a specific target within or on the mammalian body. The usefulness of the present invention as a universal 
approach to deliver any drug or diagnostic agent to a specific target within or on the mammalian body was demonstrated by experiments 
showing an unexpected transfer of the drug across the blood brain barrier. 
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DRUG TARGETING SYSTEM, METHOD OF ITS PREPARATION AND ITS USE 



Field of the invention 

This invention relates to both a drug targeting system and to a method of manufacturing such 
a drug targeting system. The invention also relates to a useful method of targeting and 
delivering drugs, diagnostics and other physiologically effective substances to a target within 
the mammalian body, for example to the nervous system. This work is motivated by the 
search of new technologies that enhance the capability to deliver physiologically effective 
substances like drugs or diagnostically useful agents to a desired target within the 
mammalian body, including delivering such substances across the blood brain barrier (bbb) 
which is a generally recognized problem in neuropharmacology. 

In a previous patent application (Kreuter et al.; U.S. Patent Application 08/203,326 and 
PCT/EP 95/00724 corresponding to WO 95/22963) a novel method of delivering drags 
across the blood brain barrier by using nanoparticles to which drugs are complexed 
(incorporated or adsorbed) and which are then surrounded by a coating made of an 
appropriate surfactant is taught. The present invention pertains to a similar approach. 
Particularly, nanosphere drug targeting systems can be obtained now which can achieve the 
same effect as demonstrated in the prior art description (Kreuter et al., loc. cit) but which 
can be manufactured by a significantly simplified fabrication method. The present invention 
teaches a drug targeting system, a method of improved and simplified fabrication and a 
method of use of such a drug targeting system in the medical field. 

Here, nanoparticle fabrication involves the polymerization by using a stabilizer other than 
dextran 70.000 which allows for the first time that coating the nanoparticte-drug complex 
with a surfactant, which was deemed a requirement to achieve the desired effect in the prior 
art (Kreuter et al., loc. cit.) can be omitted. Thus, the present invention teaches a method 
and composition of nanoparticles which is significantly simplified over prior art drug -target- 
ing systems and their method of manufacture. This system allows any drug Ckirug" as used 
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herein includes any substance administrate for therapeutic and/or diagnostic purposes) to 
cross the blood brain barrier (bbb) in order to achieve one or more of the following benefits: 
reducing the dose of a drug or diagnostic, allowing drugs that normally do not cross the bbb 
to penetrate into the brain and reducing the peripheral side effects by increasing the relative 
amount of the drug reaching the brain. 

Background of the Invention 

The above-referenced patent applications by Kreuter et al. (Kreuter et al. f U.S. Patent 
Application 08/203,326 and PCT/EP 95/00724 corresponding to WO 95/22963) teach a 
method whereby nanoparticles may be utilized to help drugs and diagnostics to cross the 
blood brain barrier which is furtheron sometimes referred to shortly as "bbb". In this prior 
art, an appropriate monomer such as butyl cyanoacrylate (BCA) is selected and polymerized 
to poly-butyl cyanoacrylate (PBCA), said polymer being existent in the polymerization 
system in the form of nanoparticles. During or after the polymerization of said monomer, 
a drug is added so that it is either incorporated into said nanoparticles or adsorbed onto the 
surface of said nanoparticles. The unexpected observation was made by Kreuter et al. that 
when a surfactant is added to this nanoparticle-drug complex ("coating"), drugs associated 
with said "surfactant-coated" nanoparticles can cross the blood-brain-barrier. 

The advantage of said prior art method over previous methods (and of the prior art products 
obtained by said process) was that essentially any drug could be linked to the nanoparticles 
and delivered to the brain, without the need to alter the structure of said drug. Thus, said 
former Kreuter et al. invention provides the first universal method to help drugs cross the 
blood brain barrier. 

As a specific example, drugs used to treat the nervous system in mammals, in particular in 
human patients, have to be able to cross the blood brain barrier (bbb). The term "blood 
brain barrier" (bbb) as used herein refers to the bbb in the narrower sense, i. e. in the sense 
this term is used usually by a person skilled in the medical field, as well as to the blood 
spinal barrier and blood retina barrier. Unfortunately, many drugs do not pass the bbb 
efficiently or not at all and are only effective when given directly into the brain. The blood 
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brain barrier (bbb), which consists of the endothelium of the brain vessels, the basal 
membrane and neuroglial cells, acts to limit transport of substances into the brain. 
Sometimes the structure of the bbb is subdivided into two components: the endothelial or 
capillary barrier and the ependymal barrier (Banks, W.A., Kastin, A J., Barrera, Delivering 
peptides to the central nervous system: Dilemmas and strategies, Pharm. Res. 8 (1991), 
1345-1350). The nature of the substance penetration through the bbb has not yet been 
determined but it is known that many of the regulators of brain function such as cytokines, 
transferrin, enkephalines, endorphines can pass through the bbb from the vessels into the 
brain (Raeissi & Audus 1989, Zlokovich et al. 1989, 1990). However, many substances 
which can affect the central nervous system (CNS) such as adenosin, B-endorphins, synthetic 
analogues of endogenous peptides (Houghten et al. 1980, Levin et al 1987, Sakane et al. 
1989) as well as some excitatory and inhibitor amino acids and trophic factors, penetrate 
poorly or not at all through the bbb. At present, drugs with no bbb penetration or poor bbb 
penetration can only be given by direct CNS infusion. Thus, many potentially potent drugs 
are not useful clinically due to their inability to pass the bbb. 

The teaching of Kreuter (Kreuter et al., loc. cit.) has provided a novel way of delivering 
drugs across the bbb. However, the fabrication of suitable nanoparticles from the selected 
polymers required a step wherein the nanoparticle/drug complex is coated with an 
appropriate surfactant such as Tween 80 (polysorbate 80). As the Kreuter et al. reference 
(loc. cit.) teaches, only by coating the nanoparticles with the appropriate surfactant the 
desired effect of passing the bbb by the drug was achieved. 



While this was an important innovative step to achieve drug targeting to the brain, there is 
a continuous need to simplify the fabrication process and to reduce the probability of 
potentially toxic effects of said surfactants. It is therefore desirable to have a method 
available whereby nanoparticles are fabricated without the need to apply a coating to the 
nanoparticle drug complex. Similarly, nanoparticles having no such surfactant coating were 
desired. Based on these considerations, a critical and long-felt need is apparent from the 
prior art for a method of fabrication of a composition of nanoparticles in a manner that does 
not require a step of coating the nanoparticle/drug complex with surfactants). 
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A simplified and potentially less toxic method of nanoparticle fabrication is therefore needed 
that allows to target drugs to a specific site within or on the mammalian body. There is a 
need, too, for a method for targeting drugs which do not pass the bbb ("non-penetrating 
drugs") to penetrate the bbb. In a similar scope, it is also desirable to improve the rate of 
penetration of drugs that normally do pass the bbb ("penetrating drugs"). An increase of the 
relative amount of a drug in the brain may allow a total dose reduction, thus reducing the 
peripheral side effects while, at the same time, maintaining the desired biological activity 
in the nervous system. 

To overcome the disadvantages of the prior art, the subject of the present invention is a 
method of preparation of non-coated nanoparticles as a drug carrier for a wide range of 
drugs in order to allow a targeting of the drug to a specific target in the mammalian body, 
specifically in order to enhance the penetration of drugs or diagnostic agents across the bbb, 
said method not requiring a coating procedure during fabrication of the nanoparticles. 
Subjects of the present invention are also the drug targeting system obtained by such a 
method of fabrication, the use of said drug targeting system as well as a medical treatment 
method by which the drug targeting system of the invention is delivered to a mammal, 
particularly to a human. 



Accordingly, it was an object of this invention to provide a drug targeting system which 
allows a directed targeting of drugs to a target within the mammalian body, whereby said 
target could be any organ or site within (or on the surface of) the mammalian <e. g. human) 
body, for example the bbb or the brain. It was a further object of this invention to provide 
a drug targeting system which can be prepared by a method which is more simple than 
methods of manufacturing drug targeting systems known from the prior art^e. g. Kreuter 
et al.; loc. cit.). It was another object of the present invention to provide a drug targeting 
system which can be delivered to a mammal more conveniently, e. g. by a simple 
administration step and can be directed to the desired target in a high rate and with a high 
ratio of transfer of the drug from the site of administration to the site of pharmacological 
effect. 
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It was another object of the invention to provide a simple method of manufacture of a new 
drug targeting system. Specifically, it was an object to provide a simple method of 
manufacture which can be carried out with the same equipment used up to now, but with 
fewer steps of the manufacturing method. In particular, the step of coating a nanoparticle 
drug complex by a surfactant should be omitted as one of the objects of the present 
invention. 

It was another object of the invention to develop a method for targeting physiologically 
effective substances to a specific target within or on the mammalian body. Another object 
of the invention was to develop a method for targeting drugs affecting the nervous system 
to produce a physiologic or pharmacologic effect or to apply substances with diagnostic 
value, which method overcomes the aforesaid disadvantages associated with the prior art. 

Still another object of the present invention was to provide a method and composition for 
allowing non-penetrating and poorly penetrating drugs to pass the bbb more easily. 

Yet another object of the invention was to provide a reliable and easily usable method and 
composition for treating disorders of the nervous system by systemic injection or oral 
application of drug-absorbed nanoparticles that do not contain a coating as disclosed in the 
prior art (Kxeuter et al., U.S. Patent Application 08/203,326). 

These and other objects and features of the invention will be apparent from the detailed 
description of the invention and the accompanying drawings. 

Summary of the invention 

The present invention relates to a drug targeting system for administration to a mammal 
comprising 

nanoparticles made of a polymeric material, said nanoparticles comprising said 
polymeric material, one or more physiologically effective substance(s) to bedelivered 
to said mammal and one or more stabilizers) for said nanoparticles allowing 
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targeting of said physiologically effective substance(s) to a specific site within or on 
a mammalian body; and 

a physiologically acceptable carrier and/or diluent allowing the transport of said 
nanoparticles to the target within said mammal after administration. 

The present invention also relates to a method for preparing a drug targeting system for 
administering one or more physiologically effective substance(s) to a mammal, said method 
comprising the steps of 

preparing nanoparticles made of a polymeric material, said nanoparticles comprising 
said polymeric material, one or more physiologically effective substance(s) to be 
delivered to said mammal and one or more stabilizers) for said nanoparticles 
allowing targeting of said physiologically effective substance(s) to a specific site 
within or on a mammalian body, by polymerizing, in a per se known manner, one 
or more monomeric and/or oligomeric precursors) of said polymeric material in the 
presence of said physiologically effective substance(s) and in the presence of said 
stabilizer(s); and optionally 

providing said nanoparticles in a medium allowing the transport of said nanoparticles 
to a target within or on said mammal after administration. 

The invention furthermore relates to a method for preparing a drug targeting system for 
administering one or more physiologically effective substance(s) to a mammal, said method 
comprising the steps of 

preparing nanoparticles made of a polymeric material, said nanoparticles comprising 
said polymeric material and one or more stabilizers) for said nanoparticles, by 
polymerizing, in a per se known manner, one or more monomeric and/or oligomeric 
precursors) of said polymeric material in the presence of said stabilizer(s); 
loading one or more physiologically effective substance(s) to be delivered to said 
mammal into and/or onto said nanoparticles; and optionally 
providing said loaded nanoparticles in a medium allowing the transport of said 
nanoparticles to the target within or on said mammal after administration. 
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In addition, the invention relates to the drug targeting system as defined above for medical 
use. 

The invention relates also to the use of the drug targeting system according to the above 
definition and definition in the claims in the preparation of a medicament allowing one or 
more physiologically effective substance(s) to be targeted to a specific site within or on a 
mammalian body, particularly to de delivered across the blood brain barrier, more 
specifically across the blood brain barrier to the central nervous system. 

In addition, the invention relates to a method of targeting one or more physiologically 
effective substance(s) to a specific target within or on a mammalian body, wherein a drug 
targeting system according to the above definition is administered to a mammal. 

More particularly, the present invention features a method of delivering pharmacologically 
active substances across the blood-brain barrier and a drug targeting system useful for 
delivering drugs across the bbb. This invention is based on the surprising finding that 
treatment of nanoparticles having a drug adsorbed thereon and/or incorporated therein 
without coating a surfactant thereon allows the adsorbed or incorporated drug to traverse the 
bbb. While it is theorized that the nanoparticles cross the bbb and that the drug desorbs after 
transit of the nanoparticles, this step is not a necessary part of the invention so long as the 
drug traverses the bbb to yield its pharmacological action. The term "pharmacologically 
active" as used herein, means and includes not only drug pharmaceutical activity but also 
diagnostic activity. 

The basic drug targeting system is made by a process, comprising: 

formation of a suspension of nanoparticles by polymerization or dispersion using 
appropriate stabilizers. 

sorption/incorporation of an physiologically effective substance onto and/or into the 
nanoparticle. 

More particulary, the method of the invention -comprises the steps of loading a pharmacolo- 
gically active substance such as a drug onto or into a nanoparticle, administering the 
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nanoparticles (which are not surrounded by a coating) to a mammal in a manner which 
allows the pharmacologically active substance to reach and cross the bbb, and allowing the 
pharmacologically active substance to be released from the nanoparticle to achieve the 
desired pharmacological effect. It is not clear whether the nanoparticles themselves cross the 
bbb or only the pharmacologically active substance crosses the bbb by being released from 
the nanoparticle. However, the exact mechanism is not decisive as long as the pharmacologi- 
cal effect is achieved. 

The nanoparticles are loaded with the drug by any known loading step. Commonly, solid 
nanoparticles are used and are loaded by sorption of the drug onto the surface of the 
nanoparticle, e. g. by soaking the preformed nanoparticle in a solution of the drug. 
However, in some circumstances, the drug is added to the polymerization solution and the 
drug is incorporated into the nanoparticle as the nanoparticle is made. In the prior art, 
dextran has been used as a stabilizer and polysorbate 80 as a surfactant (Kreuter et al.; loc. 
cit.). 

The critical, innovative step in the present invention is that during the polymerization of the 
polymeric material to form the nanoparticles, stabilizers other than Dextran 70.000 are used. 
For example, polysorbates or, alternatively, Dextran having a molecular weight smaller than 
70.000 may be used to achieve the desired effect of delivering a dmg across the bbb. In a 
preferred embodiment of the present invention, Dextran 12.000 or polysorbate 85 (Tween 
85) is used. These stabilizers are cited for purposes of illustration only, and the selection of 
any other stabilizers) or their combination with the above two stabilizers which may be used 
to achieve the desired effect is intended not to be limited. Thus, as long as the nanoparticles 
are fabricated with an appropriate stabilizer, they are useful as a drug targeting system. 
There is no need to apply an additional coating which surrounds the nanoparticle/drug 
complex as taught by Kreuter et al. (Kreuter et al.; loc. cit.). The method of the present 
invention considerably simplifies the fabrication procedure and facilitates clinical application 
as mixing with a surfactant is no longer required prior to application to the organism. 

Simply mixing of preformed nanoparticles and the drug for adsorption is sufficient to 
prepare a drug targeting system which enables the passage of the drug across the bbb. A 
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major advantage of the composition obtained by the above method is that the drug targeting 
system can be used to transport drugs across the bbb. In other words: Drugs which other- 
wise could not cross the bbb to reach the central nervous system or could not pass across 
the bbb in sufficient amounts to exert a desired pharmacological or diagnostic activity can 
reach the desired target when transported by the drug targeting system of the invention. 

Other objects, features, and advantages of the invention will be apparent to those skilled in 
the art from the detailed description of the invention which will now follow, taken in 
conjunction with the tables, drawings, and the accompanying claims. 

Brief description of the drawings 

The drawings are not drawn to scale. They are set forth to illustrate various embodiments 
of the inventions and the results achieved. The drawings, to which reference will be made, 
are as follows: 



FIGURE 1 is a schematic drawing of a nanoparticle, indicating its molecular 
structure. Figure 1 A displays a monolithic nanoparticle (N) with a drug dispersed 
or dissolved in a matrix (D). Figure 1 B displays a capsule-type nanoparticle with 
drug entrapped in the interior. Figure 1 C displays a nanoparticle with a drug 
absorbed or absorbed on the surface of the nanoparticle. These three embodiments 
are not limiting because combinations thereof are possible. 

FIGURE 2 illustrates the analgesic effect as demonstrated with the hot plate test after 
intravenous injection of dalargin (10 mg/kg). Dalargin was given -either in solution, 
or after sorptive binding to nanoparticles. The data were collected at different time 
points following injection. The groups (n=10) are as follows: 
Group 1: dalargin solution in PBS (10 mg/kg); 

Group 2: suspension of empty nanoparticles {40 mg/kg) stabilized with 
polysorbate 85; 

Group 3: polysorbate 85 in PBS (1%); 
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Group 4: dalargin loaded by incubating for 3 h onto empty nanoparticles (10 
mg/kg) which were stabilized with polysorbate 85. 

FIGURE 3 illustrates the analgesic effect as demonstrated with the hot plate test after 
oral application of dalargin (10 mg/kg). Dalargin was given either in solution, or 
after sorptive binding to nanoparticles. The data were collected at different time 
points following oral application. 

FIGURE 4 illustrates brain levels of amitryptiline after i. v. injection of amitryptiline 
alone or when given in combination with nanoparticles. Amitryptiline was assayed 
using HPLC-analysis from brain homogenate. 

FIGURE 5 illustrates the analgesic effect as demonstrated with the hot plate test after 
intravenous application of dalargin (10 mg/kg). Dalargin was given either in solution, 
or after sorptive binding to nanoparticles that were stabilized with Dextran 12.000. 



Detailed Description of the Invention 



It should be understood that the detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, since various 
changes and modifications within the spirit and the scope of the invention will become 
apparent to those skilled in the art from this description and the accompanying drawings as 
well as from the claims. 

The term "nanoparticles" as used herein denotes a carrier structure which is biocompatible 
and sufficiently resistant to chemical and/or physical destruction by the environment of use 
such that a sufficient amount of the nanoparticles remain substantially intact after entry into 
the mammalian body following intraperitoneal or oral administration so as to be able to 
reach the desired target, e. g. the brain and/or the bbb. Usually, nanoparticles are solid 
colloidal particles. Drugs or other relevant materials (e. g. those used for diagnostic 
purposes in nuclear medicine or in radiation therapy) ean be dissolved within the 
nanoparticles, entrapped, encapsulated and/or adsorped or attached. 
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The nanoparticles are synthetic particles made of a natural or synthetic polymeric material. 
The particles have a diameter of below 1,000 nm, preferably between about 1 to 1,000 nm. 

In the drug targeting system of the invention, the nanoparticles preferably comprise a 
polymeric material which selected from the group consisting of poly aery lates, polymethacry- 
lates, polybutylcyanoacrylates, polyarylamides, polylactates, polyglycolates, polyanhydrates, 
polyorthoesters, gelatin, polysaccharides, albumin, polystyrenes, polyvinyls, polyacrolein, 
polyglutaraldehydes and derivatives, copolymers and mixtures thereof. Monomer materials 
particulary suitable to fabricate biodegradable nanoparticles by emulsion polymerization in 
a continuous aqueous phase include methylmethacrylates, alkylcyanoacrylates, hydroxyethyl- 
methacrylates, methacrylic acid, ethylene glycol dimethacrylate, acrylamide, N,N'- 
bismethylene acrylamide and 2-dimethylaminoethyl methacrylate. Other nanoparticles are 
made by different techniques from N,N-L-lysinediylterephthalate, alkylcyanoacrylate, 
polylactic acid, polylactic acid-polyglycolic acid-copolymers, polyanhydrates, poly- 
orthoesters, gelatin, albumin, and desolvated macromolecules or carbohydrates. Further, also 
non-biodegradable materials can be used such as polystyrene, poly(vinylpyridine), 
polyacroleine and polyglutaraldehyde. A summary of materials and fabrication methods has 
been published (see J. Kreuter, (1991) Nanoparticles-preparation and applications. In: M. 
Donbrow (Ed.) Microcapsules and nanoparticles in medicine and pharmacy . CRC Press, 
Boca Ranton, Florida, pp. 125-14). The polymeric materials which are formed from 
monomeric and/or oligomeric precursors in the polymerization/nanoparticle generation step, 
are per se known from the prior art, as also the molecular weights and molecular weight 
distribution of the polymeric material which a person skilled in the field of manufacturing 
nanoparticles may suitably select in accordance with the usual skill. Reference is, in this 
respect, made to Kreuter et al., loc. cit., and the references cited therein. 

The nanoparticles of the drug targeting system of the present invention may either comprise 
a physiologically effective substance or may comprise more than one, e. g. two or more, 
physiologically effective substances to be delivered to a target within or on the mammalian 
body in the form adsorbed thereto, absorbed therein or incorporated therein. The term 
"adsorbed thereto", as used in the present specification and claims, means that the 
physiologically effective substance(s) is/are adsorbed to the outer surface of the nanoparticles 
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by adsorptive forces. The terms "absorbed therein" and "incorporated therein", as used in 
the present specification and claims, mean in a similar manner that the physiologically 
effective substance or substances is/are contained in the inner volume of the nanoparticles. 
The substance(s) may have been absorbed or incorporated into the nanoparticle on any 
suitable way which is at present not considered decisive for the results of the present 
invention. Suitable ways may be the incorporation of the physiologically effective substance 
during the polymerization process before or during the step of forming the nanoparticle shell 
or the absorption after final formation of the nanoparticle shell by transfer through the 
nanoparticle shell or even both ways. 

The term "physiologically effective substance" as used in the present specification and claims 
is defined here in the broadest sense, i. e. including any natural or synthetic substance which 
may have a physiological effect when administered to a mammal. The physiologically 
effective substance (such as a drug) that can be suitably employed in accordance with the 
invention with warm blooded animals, particulary mammals including humans, veterinarian 
animals and farm animals, are all those affecting, acting on, or being visualized at a desired 
target within or on the mammalian body, for example within the nervous system, including 
tumor tissue located therein. 



The terms "pharmacologically active substance" or "drug" are sometimes used in the present 
specification, too, and are intended to have a similar meaning which is intended not to 
restrict the term "physiologically effective substance" as used herein. In preferred 
embodiments of the invention, the physiologically effective substance to be delivered to said 
mammal comprises therapeutic agents and diagnostic agents. It is possible in accordance 
with the invention that the drug targeting system comprises one drug or comprises more than 
one drugs, e. g. two or even more drugs, as long as the drugs are compatible with each 
other in the same nanoparticle and/or drug targeting system and exhibit physiological -effects 
which are not directed against each other (e. g. agonist drug and antagonist drug). In more 
preferred embodiments and if more than one drug is present, the drugs -exert a synergistic 
effect. 
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In even more preferred embodiments of the drug targeting system of the invention, the 
physiologically effective substance(s) comprise(s) a substance which has central nervous 
activity but cannot cross the blood brain barrier without modification and/or without a 
carrier. Particularly, but not exclusively, the present invention may be applied to deliver any 
agent for the treatment of disorders affecting the nervous system. 

Specific examples of physiologically effective substances or drugs which - of course - do not 
restrict the present invention are therapeutic agents selected from the group consisting of 
drugs acting at synaptic sites and neuroeffector junctional sites; general and local analgetics; 
hypnotics and sedatives; drugs for the treatment of psychiatric disorders such as depression 

^ and schizophrenia; anti-epileptics and anticonvulsants; drugs for the treatment of Parkinson's 
and Huntington's disease, aging and Alzheimer's disease; excitatory amino acid antagonists, 
neurotrophic factors and neuroregenerative agents; trophic factors; drugs aimed at the 
treatment of CNS trauma or stroke; drugs for the treatment of addiction and drug abuse; 
antacoids and anti-inflammatory drugs; chemotherapeutic agents for parasitic infections and 
diseases caused by microbes; immunosuppressive agents and anti-cancer drugs; hormones 
and hormone antagonists; heavy metals and heavy metal antagonists; antagonists for non- 
metallic toxic agents; cytostatic agents for the treatment of cancer; diagnostic substances for 
use in nuclear medicine; immunoactive and immunoreactive agents; transmitters and their 
respective receptor agonists and receptor antagonists, their respective precursors and 
metabolites; transporter inhibitors; antibiotics; antispasmodics; antihistamines; antinauseants; 

^ relaxants; stimulants; sense and antisense oligonucleotides; cerebral dilators; psychotropics; 
antimanics; vascular dilators and constrictors; anti-hypertensives; drugs for migraine 
treatment; hypnotics, hyperglycemic and hypoglycemic agents; minerals and nutritional 
agents; anti-obesity drugs; anabolics; anti-asthmatics; and mixtures thereof. 

These substances are decribed by Gilman et al. (1990) "Goodman and Gilman's - The 
Pharmacological Basis of Therapeutics", Pergamon Press, New York, and include the 
following agents: 

acetylcholine and synthetic choline esters, naturally occuring cholinomimetic 
alkaloids and their synthetic congeners, anticholinesterase agents, ganglionic 
stimulants, atropine, scopolamine and related antimuscarinic drugs, catecholamines 
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and sympathomimetic drugs, such as epinephrine, norepinephrine and dopamine, 
adrenergic agonists, adrenergic receptor antagonists, transmitters such as GABA, 
glycine, glutamate, acetylcholine, dopamine, 5-hydroxytryptamine, and histamine, 
neuroactive peptides; 

analgesics and anesthaetics such as opioid analgesics and antagonists; preanesthetic 
and anesthetic medications such as benzodiazepines, barbiturates, antihistamines, 
phenothiazine and butylphenones; antiemetics; anticholinergic drugs such as atropine, 
scopolamine or glycopyrrolate; cocaine; chloral derivatives; ethchlorvynol; 
glutethimide; methyprylon; meprobamate; paraldehyde; disulfiram; morphine, 
fentanyl and naloxone; 
centrally active antitussive agents; 

psychiatric drugs such as phenothiazines, thioxanthenes and other heterocyclic 
compounds (e.g. halperiodol); tricyclic antidepressants such as desimipramine and 
imipramine; atypical antidepressants (e.g. fluoxetine and trazodone), monoamine 
oxidase inhibitors such as isocarboxazid; lithium salts; anxiolytics such as 
chlordiazepoxyd and diazapam; 

anti-epileptics including hydantoins, anticonvulsant barbiturates, iminostilbines (such 
as carbamazepine), succinimides, valproic acid, oxazolidinediones and benzodiazepi- 
nes; 

anti-Parkinson drugs such as L-DOPA/carbidopa, apomorphine, amantadine, 
ergolines, selegeline, ropinorole, bromocriptine mesylate and anticholinergic agents; 
antispasticity agents such as baclofen, diazepam and dantrolene; 
neuroprotective agents, such as excitatory amino acid antagonists, for example 
NMDA or AMPA-antagoniststs, neurotrophic factors and brain derived neurotrophic 
factor, ciliary neurotrophic factor, or nerve growth factor; neurotrophine 3 <NT3); 
NT4 and NT5; gangliosides; neuroregenerative agents; 

drugs for the treatment of addiction and drug abuse including opioid antagonists and 
anti-depressants; 

antacoids and anti-inflamatory drugs such as histamine, bradykinin, kallidin and their 
respective agonists and antagonists; 
immunosuppressive agents such as FK506, 

chemotherapeutic agents for parasidic infections and microbial diseases; 



WO 98/56361 




PCT/EP97/03099 



15 



anti-cancer drugs including alkylating agents (e.g. nitrosoureas) and antimetabolites; 
nitrogene mustards, ethylenimines and methylmelamines; alkylsulfonates; folic acid 
analogs; pyrimidine analogs, purine analogs, vinca alcaloids; antibiotics; 
anti-inflammatory drugs such as phenylbutazone, indomethacin, naproxen, ibuprofen, 
flurbiprofen, diclofenac, dexamethasone, prednisone and prednisolone; 
cerebral vasodilators such as soloctidilum, vincamine, naftidrofuryl oxalate, co- 
dergocrine mesylate, cyclandelate, papaverine, nicotinic acid, anti-infective agents 
such as erythromycin stearate, and cephalexin. 

As explained above, the term "drugs" may also include diagnostic agents. In the broadest 
sense, diagnostic agents suitable for inclusion into the drug targeting system of the invention 
are agents which are used in recognizing or differentiating diseases in a mammalian body. 
In preferred embodiments, the drug targeting system of the invention comprises diagnostic 
agents useful in the diagnosis in nuclear medicine and in radiation therapy. 

A critical component of nanoparticles of the drug targeting system according to the invention 
is/are the stabilizers. In preferred embodiments, only one stabilizer is used. In this case, the 
targeting of the physiologically effective substance(s) or drug(s) to a specific site within or 
on the mammalian body can be achieved in an ideal manner. For example, a drug can be 
brought to and allowed to pass the blood brain barrier (bbb) in a very effective manner so 
that the amount of effective substance at the site of effect is considerably enhanced, and the 
dose administered to the mammal can be reduced correspondingly. However, it is also 
possible to use more than one, e. g. two or more, stabilizers). 

Basically, each stabilizer allowing to achieve the object of the present invention is suitable 
to be incorporated into the drug targeting system of the invention. However, it was found 
that, in distinguishing the present invention from the prior art Kreuter at al., loc. cit., a 
stabilizer other than dextran 70.000 should be used. 

In preferred embodiments of the invention, said stabilizer for said nanoparticles being pan 
of the drug targeting system of the invention is selected from the group consisting of 
stabilizers which allow a passage of said nanoparticles including said physiologically 
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effective substance(s) through the blood brain barrier in said mammal and stabilizers which 
allow a release of said physiologically effective substance(s) from said nanoparticles and a 
passage of said physiologically effective substance(s) through the blood brain barrier separate 
from said nanoparticles. 

In an even more preferred embodiment, said stabilizer is one allowing a passage of said 
physiologically effective substance(s) through the blood brain barrier without chemical 
modification of said physiologically effective substance(s). 

Specifically advantageous drug targeting systems according to the invention contain 
nanoparticles, wherein said stabilizer comprises a substance selected from the group 
consisting of polysorbate 85, dextran 12.000, carboxylic acid esters of multifunctional 
alcohols, polysorbates, poloxameres, poloxamines, alkoxylated ethers, alkoxylated esters, 
alkoxylated mono-, di and triglycerides, alkoxylated phenoles and diphenoles, substances of 
the Genapol R and Bauki R series, metal salts of carboxylic acids, metal salts of alcohol 
sulfates and metal salts of sulfosuccinates and mixtures of two or more of said substances. 
For example, said stabilizer comprises a substance selected from the group consisting of 
polysorbate 85, polysorbate 81, dextran 12.000, carboxylic acid esters and preferably fatty 
acid esters of glycerol and sorbitol, even more preferably glycerol monostearate, sorbitan 
monostearate and sorbitan monooleate, poloxamer 188 (Pluronic* F68), ethoxylated ethers, 
ethoxylated esters, ethoxylated triglycerides, ethoxylated phenoles and diphenoles, metal 
salts of fatty acids and metal salts of fatty alcohol sulfates, preferably sodium salts of fatty 
acids and of fatty alcohol sulfates, even more preferably sodium stearate and sodium lauryl 
sulfate and mixtures of two or more of said substances. 

In the practice of the invention, it has turned out that drug targeting systems yield especially 
good results, wherein said stabilizer of the nanoparticles comprises a substance selected from 
the group consisting of polysorbate 85 or dextran 12.000 and mixtures thereof and mixtures 
of said stabilizers with other stabilizers as mentioned above. When using such drug targeting 
systems, the step of targeting the physiologically effective substance(s) to a specific site 
within or on the mammalian body could be very well accomplished. In particular, in the step 
of targeting drugs to the blood brain barrier and penetrating said drugs across said bbb, a 
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relatively high effective amount of said drug in the brain available for action in the central 
nervous system was found. Thus, the efficiency of passage of said drug across the bbb<:ould 
be enhanced, while the amount of drug targeting system in the form of drug-loaded 
nanoparticles could particularly be reduced if the nanoparticles contained polysorbate 85 
and/or dextran 12.000 as the stabilizers, optionally in admixture with other stabilizers. 

As a further component, the drug targeting system of the invention comprises a physiologi- 
cally acceptable carrier and/or diluent allowing the transport of said nanoparticles to the 
target within said mammal after administration. Preferably, said carrier and/or diluent is/are 
selected from the group consisting of water, physiologically acceptable aqueous solutions 
containing salts and/or buffers and any other solution acceptable for administration to a 
mammal. Such carriers and diluents are well known to a person skilled in this field and 
comprise distilled water, de-ionized water, pure or ultrapure water, saline, phosphate- 
buffered saline (PBS), solutions containing usual buffers which are compatible with the other 
components of the drug targeting system etc.. 

In general, nanoparticles can be produced by conventional methods, including emulsion 
polymerization in a continuous aqueous phase, emulsion polymerization in continuous 
organic phase, interfacial polymerization, solvent deposition, solvent evaporation, 
dissolvation of an organic polymer solution, cross-linking of water-soluble polymers in 
emulsion, dissolvation of macromolecules and carbohydrate cross-linking. These fabrication 
methods can be performed with a wide range of polymer materials mentioned above. 

Typical materials suitable for stabilizing the nanoparticles are selected from the group of 
substances mentioned above. The choice of the monomer and/or polymer, the solvent, the 
emulsifier, the stabilizer and other auxilliary substances will be dictated by the particular 
nanoparticle being fabricated and can be chosen, without limitation and difficulty, by those 
skilled in the art. 

The ratio of the drug to polymer can vary within a wide range. Preferably, it is the range 
of 1 : 100 to 1 ; 1. Also, the removal of the solvent or emulsifier can be achieved in a 
number of different ways, which are known and, hence, need not 4o be repeated here. 
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In a preferred embodiment of the present process, during the polymerization step (i.e. when 
the nanoparticles are formed) a polymeric material is made which is selected from the group 
consisting of polyacrylates, polymethacrylates, polybutylcyanoacrylates, polyarylamides, 
polylactates, polyglycolates, polyanhydrates, polyorthoesters, gelatin, polysaccharides, 
albumin, polystyrenes, polyvinyls, polyacrolein, polyglutaraldehydes and derivatives, 
copolymers and mixtures thereof. 

Even more advantageous and, hence, preferred is a process for manufacturing nanoparticles 
wherein said loading step comprises mixing said nanoparticles with a solution of said 
physiologically effective substance(s) and allowing a sufficient time for an effective amount 
of said physiologically effective substance(s) to be adsorbed onto and/or absorbed by said 
nanoparticles. 

As already pointed our above, the step of selecting the suitable stabilizer for the nanoparticle 
is decisive. Hence, a skilled person will carefully select the stabilizer which, according to 
the present invention and in contrast to Kreuter et al. (loc. cit.) is a stabilizer other than 
dextran 70.000. Preferably, there is/are used as the stabilizer(s) for said nanoparticles one 
or more substances selected from the group consisting of stabilizers which allow a passage 
of said nanoparticles including said physiologically effective substance(s) through the blood 
brain barrier in said mammal and stabilizers which allow a release of said physiologically 
effective substance(s) from said nanoparticles and a passage of said physiologically effective 
substance(s) through the blood brain barrier separate from said nanoparticles. 

A similarly preferred embodiment of the invention is a process, wherein as said stabilizers), 
there is/are used one or more substances allowing a passage of said physiologically effective 
substance(s) through the blood brain barrier without chemical modification of said 
physiologically effective substance(s). 

Exemplary for the invention is a method, wherein as said stabilizers), there is/are used one 
or more substance(s) selected from the group consisting of polysorbate 85, dextran 12.O00, 
carboxylic acid esters of multifunctional alcohols, polysorbates, poloxameres, poloxamines, 
alkoxylated ethers, alkoxylated esters, alkoxylated mono-, di and triglycerides, 
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alkoxylated phenoles and diphenoles, substances of the Genapol R and Bauki R series, metal 
salts of carboxylic acids, metal salts of alcohol sulfates and metal salts of sulfosuccinates and 
mixtures of two or more of said substances. 

Particularly preferred is a method, wherein as said stabilizer(s), there is/are used one or 
more substance(s) selected from the group consisting of polysorbate 85, polysorbate 81, 
dextran 12.000, carboxylic acid esters and preferably fatty acid esters of glycerol and 
sorbitol, even more preferably glycerol monostearate, sorbitan monostearate and sorbitan 
monooleate, poloxamer 188 (Pluronic R F68), ethoxylated ethers, ethoxylated esters, 
ethoxylated triglycerides, ethoxylated phenoles and diphenoles, metal salts of fatty acids and 
metal salts of fatty alcohol sulfates, preferably sodium salts of fatty acids and of fatty 
alcohol sulfates, even more preferably sodium stearate and sodium lauryl sulfate and 
mixtures of two or more of said substances. 

If as said stabilizer(s), there is/are used one or more substance(s) selected from the group 
consisting of polysorbate 85 and dextran 12.000 and mixtures thereof and mixtures of said 
stabilizers with other stabilizers, particularly good results in respect of a simple process and 
highly suitable nanoparticles are obtained. 

It could be shown that, in the course of the present process, a great number of therapeutic 
agents and/or diagnostic agents can be incorporated into or adsorbed onto nanoparticles. 
Hence, a method is particularly preferred, wherein as said physiologically effective 
substance(s), there is/are used one or more substance(s) selected from the group consisting 
of a therapeutic agent and a diagnostic agent. Specifically preferred is a method, wherein 
as said physiologically effective substance(s) there is/ are used a substance/substances which 
has/have central nervous system activity but cannot cross the blood brain barrier without 
modification or without a carrier. 

At present, there are methods for manufacturing a drug targeting system which are preferred 
in view of the good results which are achieved. In these methods, there is/are used as the 
therapeutic agent a substance/substances which is/are selected from the group consisting of 



SOOCID: <WO 9856361 A 1 J_> 



WO 98/56361 




PCT/EP97/03099 



20 



drugs acting at synaptic sites and neuroeffector junctional sites; general and local analgetics; 
hypnotics and sedatives; drugs for the treatment of psychiatric disorders such as depression 
and schizophrenia; anti-epileptics and anticonvulsants; drugs for the treatment of Parkinson's 
and Huntington's disease, aging and Alzheimer's disease; excitatory amino acid antagonists, 
neurotrophic factors and neuroregenerative agents; trophic factors; drugs aimed at the 
treatment of CNS trauma or stroke; drugs for the treatment of addiction and drug abuse; 
antacoids and anti-inflammatory drugs; chemotherapeutic agents for parasitic infections and 
diseases caused by microbes; immunosuppressive agents and anti-cancer drugs; hormones 
and hormone antagonists; heavy metals and heavy metal antagonists; antagonists for non- 
metallic toxic agents; cytostatic agents for the treatment of cancer; diagnostic substances for 
use in nuclear medicine; immunoactive and immunoreactive agents; transmitters and their 
respective receptor agonists and receptor antagonists, their respective precursors and 
metabolites; transporter inhibitors; antibiotics; antispasmodics; antihistamines; antinauseants; 
relaxants; stimulants; sense and antisense oligonucleotides; cerebral dilators; psychotropics; 
antimanics; vascular dilators and constrictors; anti-hypertensives; drugs for migraine 
treatment; hypnotics, hyperglycemic and hypoglycemic agents; minerals and nutritional 
agents; anti-obesity drugs; anti-asthmatics; and mixtures thereof. However, these therapautic 
substances are to be considered as examples only and are not limiting the invention. 

In a similar manner, non-limiting examples of methods employing a diagnostically useful 
agent are methods wherein as said diagnostic agent, there is/are used a substance/substances 
selected from the group consisting of diagnostics useful in the diagnosis in nuclear medicine 
and in radiation therapy. 

In the method of the invention for manufacturing the drug targeting system, it is usual, but 
not necessary to provide the nanoparticles loaded with the physiologically effective 
substance(s) and stabilized with a suitable stabilizer in a medium allowing the transport of 
said nanoparticles to a target within or on a mammalian body after the administration of said 
nanoparticles to the mammal. The medium can generally be every medium by which the 
desired purpose is achieved and which does not affect the nanoparticles' capability to be 
directed to the desired target and to transport the physiologically effective agent to this target 
for the desired pharmacological effect. Particularly, the medium should not deteriorate the 
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pharmacological potency of the therapeutic or diagnostic agent and the capability of the 
stabilizer to direct the nanoparticles to a desired target within or on the mammalian body. 
It has been turned out that, in preferred embodiments of the method to manufacture the drug 
.targeting system, said medium allowing the transport of said nanoparticles to the target 
within said mammal after administration is selected from the group consisting of water, 
physiologically acceptable aqueous solutions containing salts and/or buffers and any other 
solution acceptable for administration to a mammal. 

In accordance with the present invention nanoparticles are able to carry (or deliver) drugs 
or diagnostics to a specific desired target, for example to the bbb, and decisively contribute 
to penetrate therapautically and/or diagnostically useful substances across the bbb. At the 
present time, it is not possible by traditional concepts to show the concrete mechanism of 
the penetration of said substances across the bbb, although speculations can be made. 
However, it is not intended to be bound by any theory. 

Banks et al. (1991) suggested some mechanisms of peptide transport to the brain which may 
also apply to nanoparticles or materials carried by nanoparticles. Transport can be achieved 
by non-saturable and saturable means, as intact molecules or their metabolites. The degree 
of bbb passage depends primarily on lipid solubility of the molecule (Banks, W.A., Kastin, 
AJ., Peptides and blood-brain-barrier: Lipophilicity as a predictor of permeability" Brain 
Res. Bull. 15, 287-292, 1985). Other factors that may influence brain entry are molecular 
weight, charge, degree of protein binding in the serum, although these seem to play a less 
important role than lipophilicity (Banks et al. 1991). The transport mechanism suggested by 
Banks seem to be restricted to transporting a limited number of structurally related peptides 
such as met-enkephalin and a few other closely related peptides. They do not apply, for 
instance, to b-endorphines and kyotorphines. Saturable transport rates are modulated by 
various factors, including some substances, like leucine and aluminum (Banks and Kastin 
1990). Whether transport mechanisms of nanoparticles are similar to transport of peptides 
is currently not known. As the present invention is the first do demonstrate transport of 
nanoparticle without coating to the CNS with physiologically effective substances, no further 
information is available at present. 
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The drug targeting system explained above is a novel system. As already addressed above, 
it can be advantageously used in the medical field. A particular field of use is the use 
targeting physiologically effective substances to a target within or on the mammalian body. 

Preferably, the novel drug targeting system is used in the preparation of a medicament 
allowing one or more physiologically effective substance(s) to be targeted to a specific site 
within or on a mammalian body. 

In the course of research resulting into the present invention, it was found that one specific 
field of use of the present drug targeting system is the use in the preparation of a 
medicament allowing one or more physiologically effective substance(s) to be delivered 
across the blood brain barrier of a mammal. If the drug targeting system is used in this 
manner, this may contribute to achieving a pharmacological effect in the central nervous 
system of a mammal which could up to now not be achieved in such an efficient manner. 
In particularly preferred embodiments of the invention, the use of the present drug targeting 
system was possible in the preparation of a medicament achieving a pharmacological effect 
in the central nervous system of a mammal by the action of one or more physiologically 
effective substance(s) otherwise not passing the blood brain barrier. Similarly preferred is 
the use of the present drug targeting system in the preparation of a medicament achieving 
a pharmacological effect in the central nervous system of a mammal by the action of one or 
more physiologically effective substance(s) otherwise passing the blood brain barrier in an 
amount being not or not sufficiently pharmacologically effective. 

When the drug targeting system is used in the manner outlined above, this will result in the 
preparation of a medicament which is adapted for an oral, intravenous, subcutaneous, 
intramuscular, intranasal, pulmonal or rectal administration. In view of the great advantages 
in practical handling of the drug targeting system, the adminsitration routes of the oral or 
intravenous administration are mostly preferred. The physiologically effective substance(s) 
can be directed efficiently to the desired target, for example can pass across the bbb easily, 
can thus reduce the peripheral side effects of physiologically effective substances, can 
considerably enhance the relative amount of such substances reaching the site of pharmacolo- 
gical action and, thus, contribute to reduce the amount of drug or diagnostic agent 
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administered to the mammal. Particularly preferred is the use of the novel drug targeting 
system in the preparation of a medicament for administration to a human. 

The present invention also concerns a method of targeting one or more physiologically 
effective substance(s) to a specific target within or on a mammalian body, wherein a drug 
targeting system according to the above definition is administered to a mammal. 

The administration of said drug targeting system can be carried out generally in any desired 
manner or on any desired route in order to achieve that said drug targeting system is entered 
into the blood stream of said mammal and is transported thereby to the bbb. At present, an 
administration is preferably effected on an oral, intravenous, subcutaneous, intramuscular, 
intranasal, pulmonal or rectal route, more preferably on the oral or intravenous route. The 
latter routes are particularly preferred in view of the efficient way to transport said drug 
targeting system to the site of action within or on the mammalian body. 

In the most preferred embodient of the method of targeting one or more physiologically 
effective substance(s) to a specific target within or on a mammalian body, a passage of one 
or more physiologically effective substance(s) through the blood brain barrier is effected by 
administering said drug targeting system to said mammal and allowing a sufficient time to 
pass until a pharmacologically effective amount of said physiologically effective substance(s) 
has passed the blood brain barrier. In this manner, the physiologically effective substance{s) 
can be directed efficiently to the desired target, for example can pass across the bbb easily, 
can thus reduce the peripheral side effects of physiologically effective substances, can 
considerably enhance the relative amont of such substances reaching the site of pharmacolo- 
gical action and, thus, contribute to reduce the amount of drug or diagnostic agent 
administered to the mammal. Particularly preferred is the present method of targeting the 
novel drug targeting system to a specific target within or on a human by administering said 
drug targeting system to a human on one of the above-referenced routes of administration. 

The invention is further exemplified by the following non-limiting examples. 
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Example 1 



In the one preferred embodiment, the nanoparticles are made from polyalkyl cyanoacrylates 
(hereafter also referred to as "polybutylcyanoacrylate") of the general formula: 

CN 



-C-C— 



0=C-0-C 4 H 9 

■ 



In this example of the present invention, the nanoparticles were prepared using an acidic 
polymerization medium containing polysorbate 85 as stabilizer (polysorbate 85 1% in 
0.01 N HC1; polysorbate 85, obtainable under the trade name "Tween* 85", is a poly- 
oxyethylene (20) sorbitan trioleate manufactured by Deutsche ICI GmbH, Germany, and is, 
in accordance with the information provided by the manufacturer a mixture of partial esters 
of sorbitol and its anhydrides with oleic acid, copolymerized with (on average) 20 moles 
ethylene oxide per molecule sorbitol). In the in vitro study, there was used butylcyano- 
acrylate which was added in an amount to obtain a 1 % nanoparticle suspension. The 
mixture was agitated by stirring with a magnetic stirrer at 600 rpm for 4 h to allow 
nanoparticle formation. The resulting suspension was neutralized with 0.1 N sodium 
hydroxide solution, filtered through a sintered glass filter (pore size 16 to 40 Mm), washed 
by centrirogation, and 4 % of mannitol was added to improve redispersability of the 
nanoparticles after lyophilization. Particle size determination was done by means of photon 
correlation spectroscopy with a autoSizer Lo-C (Malvern Instruments Ltd., UK). An average 
diameter of 300 nm was observed. The nanoparticle suspension was then lyophilized. 



Example 2 

To evaluate whether substances of the Dextran series are useful to serve the ftinction of the 
stabilizer, there was also evaluated a low molecular weight member of the Dextran series 
(having a lower molecular weight than Dextran 70.000). Thus, another embodiment of 
nanoparticle fabrication used Dextran 12.000 as the stabilizer (1 % in O.01 N HC1) (Dextran 
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12.000 obtained from Sigma, Germany; according the information of the manufacturer, this 
product is a polysaccharide having an average molecular weight of 12,000 g/mole, which 
was produced by Leuconostoc mesenteroides strain No. B.512). In the in vitro study, 
butylcyanoacrylate was used as the monomer for the nanoparticle polymerization. The 
monomer was added to obtain a 1 % nanoparticle suspension. 

Again, the mixture was agitated by stirring with a magnetic stirrer at 600 rpm for 4 h to 
allow nanoparticle formation. The resulting suspension was neutralized with 0.1 N sodium 
hydroxide solution, filtered through a sintered glass filter (pore size 16 to 40 ^m), washed 
by centrifugation, and 4 % of mannitol was added to improve redispersability of the 
nanoparticles after lyophilization. Particle size determination was done as described above. 

While these examples demonstrate a useful method to fabricate nanoparticles, they should 
in no way be viewed as limiting with regard to the specific fabrication parameters. The only 
limitation is that stabilizers other than dextran 70.000 are useful. 

Figure 1 displays various alternatives of how nanoparticles may be fabricated and how drugs 
may be dispersed therein. 

Example 3 

1. In order to test the pharmacological usefulness of this approach, the nanoparticles of 
Examples 1 and 2 were adsorbed with a drug which does not pass the bbb when given 
systematically, the leu-enkephalin analogue dalargin. Dalargin is a highly potent analgesic 
when injected directly into the brain, but it is without effect when given peripherally. 

Dalargin was adsorbed to po!y(butyl cyanoacrylate) nanoparticles which were stabilized with 
polysorbate 85. The adsorption step was carried out in PBS as the solvent for dalargin by 
stirring the above nanoparticles (solid nanospheres having an average particle diameter of 
about 300 nm) in said dalargin solution which had a content of said analgesic compound in 
said solvent of 1 mg/ml PBS for a time of 3 h. 
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After this time, the preparation was injected intravenously into mice at a dalargin dose of 
10.0 mg/kg. Various preparations include pure dalargin solution and empty nanoparticles 
served as controls. 

Activity threshold was measured with the hot plate test. Dalargin, when dissolved in 
phoshate buffered saline (PBS) up to a dose of 10.0 mg/kg, did not exhibit any analgesic 
effect after i.v. injection (Figure 2). In fact, only dalargin absorbed to polysorbate 85- 
stabilized nanoparticles had an analgesic activity which became statistically significant. 

The results are displayed in Figure 2. None of the control groups (empty nanoparticles and 
dalargin alone) exhibited any analgesic effects in the mice which received said comparative 
drug targeting system not in accordance with the present invention. 

2. The per os application of dalargin-loaded polysorbate 85 nanoparticles led to increased 
analgesia on the hot plate test (Figure 3). The analgesia was determined 30, 45, 60, 90, 120 
and 150 min after p.o. application. 

3. In the same manner the brain level of amitriptyline was determined after injection of 
amitriptyline-loaded polysorbate 85 nanoparticles prepared according to Example 1. As 
depicted from Figure 4, there could be shown a higher concentration of amitriptyline in 
brain when the drug was adsorbed onto the polysorbate 85 stabilized nanoparticles. 

4. To test the question whether other stabilizers may be used to achieve the desired effect, 
nanoparticles were investigated in which the stabilizer was the low molecular size dextran 
12,000. The dextran 12,000 stabilized nanoparticles of Example 2 were loaded with 
dalargin, and the analgesic effect was determined in the hot plate test after intravenous 
injection into mice. 

It could be shown that these dalargin-loaded nanoparticles are also effective without that a 
coating of a surfactant is applied (Figure 5). 
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Claims 



1. A drug targeting system for administration to a mammal comprising 

nanoparticles made of a polymeric material, said nanoparticles comprising said 
polymeric material, one or more physiologically effective substances) to be delivered 
to said mammal and one or more stabilizer(s) for said nanoparticles allowing 
targeting of said physiologically effective substance(s) to a specific site within or on 
a mammalian body; and 

a physiologically acceptable carrier and/or diluent allowing the transport of said 
nanoparticles to the target within said mammal after administration. 

2. The drug targeting system according to claim 1, wherein said nanoparticles comprise 
particles of said polymeric material having a diameter below 1,000 nm, preferably between 
about 1 and about 1,000 nm. 

3. The drug targeting system according to claim 1 or claim 2, wherein said polymeric 
material is selected from the group consisting of polyacrylates, polymethacrylates, 
polycyanoacrylates, polyarylamides, polylactates, polyglycolates, polyanhydrates, poly- 
orthoesters, gelatin, polysaccharides, albumin, polystyrenes, polyvinyls, polyacrolein, 
polyglutaraldehydes and derivatives, copolymers and mixtures thereof. 

4. The drug targeting system according to any of the claims 1 to 3, wherein said 
nanoparticles comprise said physiologically effective substance(s) to be delivered to said 
mammal in the form adsorbed, absorbed and/or incorporated thereto. 



30CID: <WO_eeS6381AiJ_> 



WO 98/5636 




PCT/EP97/03099 



5. The drug targeting system according to any of the claims 1 to 4, wherein said 
physiologically effective substance(s) to be delivered to said mammal comprise(s) a 
therapeutic agent and a diagnostic agent. 

6. The drug targeting system according to any of the claims 1 to 5, wherein said 
physiologically effective substance(s) comprise(s) a substance which has central nervous 
system activity but cannot cross the blood brain barrier without modification or without a 
carrier. 



7. The drug targeting system according to any of the claims 1 to 6, wherein said therapeutic 
agent is selected from the group consisting of drugs acting at synaptic sites and neuroeffector 
junctional sites; general and local analgetics; hypnotics and sedatives; drugs for the treatment 
of psychiatric disorders such as depression and schizophrenia; anti-epileptics and 
anticonvulsants; drugs for the treatment of Parkinson's and Huntington's disease, aging and 
Alzheimer's disease; excitatory amino acid antagonists, neurotrophic factors and 
neuroregenerative agents; trophic factors; drugs aimed at the treatment of CNS trauma or 
stroke; drugs for the treatment of addiction and drug abuse; antacoids and anti-inflammatory 
drugs; chemotherapeutic agents for parasitic infections and diseases caused by microbes; 
immunosuppressive agents and anti-cancer drugs; hormones and hormone antagonists; heavy 
metals and heavy metal antagonists; antagonists for non-metallic toxic agents; cytostatic 
agents for the treatment of cancer; diagnostic substances for use in nuclear medicine; 
immunoactive and immunoreactive agents; transmitters and their respective receptor agonists 
and receptor antagonists, their respective precursors and metabolites; transporter inhibitors; 
antibiotics; antispasmodics; antihistamines; antinauseants; relaxants; stimulants; sense and 
antisense oligonucleotides; cerebral dilators; psychotropics; antimanks; vascular dilators and 
constrictors; anti-hypertensives; drugs for migraine treatment; hypnotics, hyperglycemic and 
hypoglycemic agents; minerals and nutritional agents; anti-obesity drugs; anti-asthmatics; 
and mixtures thereof. 
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8. The drug targeting system according to any of the claims 1 to 6, wherein said 
diagnostic agent is selected from the group consisting of diagnostics useful in the diagnosis 
in nuclear medicine and in radiation therapy. 

9. The drug targeting system according to any of the claims 1 to 8, wherein said stabilizer 
for said nanoparticles is selected from the group consisting of stabilizers which allow a 
passage of said nanoparticles including said physiologically effective substance(s) through 
the blood brain barrier in said mammal and stabilizers which allow a release of said 
physiologically effective substance(s) from said nanoparticles and a passage of said 
physiologically effective substance(s) through the blood brain barrier separate from said 
nanoparticles. 

10. The drug targeting system according to claim 9, wherein said stabilizer is one allowing 
a passage of said physiologically effective substance(s) through the blood brain barrier 
without chemical modification of said physiologically effective substance(s). 

11. The drug targeting system according to any of the claims 1 to 10, wherein said stabilizer 
comprises a substance selected from the group consisting of polysorbate 85, dextran 12.000, 
carboxylic acid esters of multifunctional alcohols, polysorbates, polyoxameres, polyoxami- 
nes, alkoxylated ethers, alkoxylated esters, alkoxylated mono-, di and triglycerides, 

£ alkoxylated phenoles and diphenoles, substances of the Genapol R and Bauki R series, metal 
salts of carboxylic acids, metal salts of alcohol sulfates and metal salts of sulfosuccinates and 
mixtures of two or more of said substances. 

12. The drug targeting system according to claim 11, wherein said stabilizer comprises a 
substance selected from the group consisting of polysorbate 85, polysorbate 81, dextran 
12.000, carboxylic acid esters and preferably fatty acid esters of glycerol and sorbitol, even 
more preferably glycerol monostearate, sorbitan monostearate and sorbitan monooleate, 
poloxamer 188 (Pluronic R F68), ethoxylated ethers, ethoxyl-ated esters, ethoxylated 
triglycerides, ethoxylated phenoles and diphenoles, metal salts of fatty acids and metal salts 
of fatty alcohol sulfates, preferably sodium salts of fatty acids and of fatty alcohol sulfates, 



'.DOCID: <WO 985638 1A1_1_» 



WO 98/5636 



PCT/EP97/03099 



30 



even more preferably sodium stearate and sodium lauryl sulfate and mixtures of two or more 
of said substances. 



13. The drug targeting system according to claim 12, wherein said stabilizer comprises a 
substance selected from the group consisting of polysorbate 85 or dextran 12.000 and 
mixtures thereof and mixtures of said stabilizers with other stabilizers. 



14. The drug targeting system according to any of the claims 1 to 13, wherein said carrier 
and/or diluent is/are selected from the group consisting of water, physiologically acceptable 
aqueous solutions containing salts and/or buffers and any other solution acceptable for 
administration to a mammal. 



15. A method for preparing a drug targeting system for administering one or more 
physiologically effective substance(s) to a mammal, said method comprising the steps of 
preparing nanoparticles made of a polymeric material, said nanoparticles comprising 
said polymeric material, one or more physiologically effective substance(s) to be 
delivered to said mammal and one or more stabilizers) for said nanoparticles 
allowing targeting of said physiologically effective substance(s) to a specific site 
within or on a mammalian body, by polymerizing, in a per se known manner, one 
or more monomelic and/or oligomeric precursor(s) of said polymeric material in the 
presence of said physiologically effective substance(s) and in the presence of said ♦ 
stabilizer(s); and optionally 

providing said nanoparticles in a medium allowing the transport of said nanoparticles 
to a target within or on said mammal after administration. 
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16. A method for preparing a drug targeting system for administering one or more 
physiologically effective substance(s) to a mammal, said method comprising the steps of 

preparing nanoparticles made of a polymeric material, said nanoparticles comprising 
said polymeric material and one or more stabilizers) for said nanoparticles, by 
polymerizing, in a per se known manner, one or more monomeric and/or oligomeric 
precursors) of said polymeric material in the presence of said stabilizers); 
loading one or more physiologically effective substance(s) to be delivered to said 
mammal into and/or onto said nanoparticles; and optionally 
providing said loaded nanoparticles in a medium allowing the transport of said 
nanoparticles to the target within or on said mammal after administration. 

17. The method according to claims 15 or 16, wherein said polymerization step is selected 
from the group consisting of emulsion polymerization, interfacial polymerization, solvent 
deposition, solvent evaporation and crosslinking oligomers and/or polymers in solution. 

18. The method according to any of the claims 15 to 17, wherein, in the polymerization 
step, a polymeric material is formed which is selected from the group consisting of 
polyacrylates, polymethacrylates, polycyanoacrylates, polyarylamides, polylactates, 
polyglycolates, polyanhydrates, polyorthoesters, gelatin, polysaccharides, albumin, 
polystyrenes, polyvinyls, polyacrolein, polyglutaraldehydes and derivatives, copolymers and 
mixtures thereof. 

19. The method according to any of the claims 15 to 18, wherein said loading step 
comprises mixing said nanoparticles with a solution of said physiologically effective 
substance(s) and allowing a sufficient time for an effective amount of said physiologically 
effective substance(s) to be adsorbed onto and/or absorbed by said nanoparticles. 

20. The method according to any of the claims 15 to 19, wherein as said stabilizes) for 
said nanoparticles, there is/are used one or more substances selected from the group 
consisting of stabilizers which allow a passage of said nanoparticles including said 
physiologically effective substance(s) through the blood brain barrier in said mammal and 
stabilizers which allow a release of said physiologically effective substance(s) from said 
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nanoparticles and a passage of said physiologically effective substance(s) through the blood 
brain barrier separate from said nanoparticles. 

21. The method according to claim 20, wherein as said stabilizers), there is/are used one 
or more substances allowing a passage of said physiologically effective substance(s) through 
the blood brain barrier without chemical modification of said physiologically effective 
substance(s). 

22. The method according to any of the claims 15 to 21, wherein as said stabilizers) , there 

is/are used one or more substance(s) selected from the group consisting of polysorbate 85, £ 
dextran 12.000, carboxylic acid esters of multifunctional alcohols, polysorbates, polyoxame- 
res, polyoxamines, alkoxylated ethers, alkoxylated esters, alkoxylated mono-, di and 
triglycerides, alkoxylated phenoles and diphenoles, substances of the Genapol* and Bauki R 
series, metal salts of carboxylic acids, metal salts of alcohol sulfates and metal salts of 
sulfosuccinates and mixtures of two or more of said substances. 

23. The method according to claim 22, wherein as said stabilizers), there is/are used one 
or more substance(s) selected from the group consisting of polysorbate 85, polysorbate 81, 
dextran 12.000, carboxylic acid esters and preferably fatty acid esters of glycerol and 
sorbitol, even more preferably glycerol monostearate, sorbitan monostearate and sorbitan 
monooleate, poloxamer 188 (Pluronic R F68), ethoxylated ethers, ethoxylated esters, 0 
ethoxylated triglycerides, ethoxylated phenoles and diphenoles, metal salts of fatty acids and 

metal salts of fatty alcohol sulfates, preferably sodium salts of fatty acids and of fatty 
alcohol sulfates, even more preferably sodium stearate and sodium lauryl sulfate and 
mixtures of two or more of said substances. 

24. The method according to claims 22 and 23, wherein as said stabilizer(s), there is/are 
used one or more substance(s) selected from the group consisting of polysorbate 85 and 
dextran 12.000 and mixtures thereof and mixtures of said stabilizers with other stabilizers. 

25. The method according to any of the claims 15 to 24, wherein as said physiologically 
effective substance(s), there is/are used one or more substances) selected from the group 
consisting of a therapeutic agent and a diagnostic agent. 



50OCIO: <WO_9B5«361At.l„> 



WO 98/56361 




PCT/EP97/03099 



^1 



26. The method according to any of the claims 15 to 25, wherein as said physiologically 
effective substance(s) there is/are used a substance/substances which has/have central 
nervous system activity but cannot cross the blood brain barrier without modification or 
without a carrier. 

27. The method according to any of the claims 15 to 26, wherein as said drug, there is/are 
used a substance/substances selected from the group consisting of drugs acting at synaptic 
sites and neuroeffector junctional sites; general and local analgetics; hypnotics and sedatives; 
drugs for the treatment of psychiatric disorders such as depression and schizophrenia; anti- 
epileptics and anticonvulsants; drugs for the treatment of Parkinson's and Huntington's 
disease, aging and Alzheimer's disease; excitatory amino acid antagonists, neurotrophic 
factors and neuroregenerative agents; trophic factors; drugs aimed at the treatment of CNS 
trauma or stroke; drugs for the treatment of addiction and drug abuse; antacoids and anti- 
inflammatory drugs; chemotherapeutic agents for parasitic infections and diseases caused by 
microbes; immunosuppressive agents and anti-cancer drugs; hormones and hormone ant- 
agonists; heavy metals and heavy metal antagonists; antagonists for non-metallic toxic 
agents; cytostatic agents for the treatment of cancer; diagnostic substances for use in nuclear 
medicine; immunoactive and immunoreactive agents; transmitters and their respective 
receptor agonists and receptor antagonists, their respective precursors and metabolites; 
transporter inhibitors; antibiotics; antispasmodics; antihistamines; antinauseants; relaxants; 
stimulants; sense and antisense oligonucleotides; cerebral dilators; psychotropics; antimanics; 
vascular dilators and constrictors; anti-hypertensives; drugs for migraine treatment; 
hypnotics, hyperglycemic and hypoglycemic agents; minerals and nutritional agents; anti- 
obesity drugs; anti-asthmatics; and mixtures thereof. 

28. The method according to any of the claims 15 to 26, wherein as said diagnostic agent, 
there is/are used a substance/substances selected from the group consisting of diagnostics 
useful in the diagnosis in nuclear medicine and in radiation therapy. 

29. The method according to any of the claims 15 to 28, wherein said medium allowing the 
transport of said nanoparticles to the target within said mammal after administration is 
selected from the group consisting of water, physiologically acceptable aqueous solutions 
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containing salts and/or buffers and any other solution acceptable for administration to a 
mammal. 

30. The drug targeting system according to any of the claims 1 to 14 for medical use. 

31. Use of the drug targeting system according to any of the claims 1 to 14 in the 
preparation of a medicament allowing one or more physiologically effective substance(s) to 
be targeted to a specific site within or on a mammalian body. 

32. Use of the drug targeting system according to any of the claims 1 to 14 in the 
preparation of a medicament allowing one or more physiologically effective substances) to 
be delivered across the blood brain barrier of a mammal. 

33. Use of the drug targeting system according to any of the claims 1 to 14 in the 
preparation of a medicament achieving a pharmacological effect in the central nervous 
system of a mammal. 

34. Use of the drug targeting system according to any of the claims 1 to 14 in the 
preparation of a medicament achieving a pharmacological effect in the central nervous 
system of a mammal by the action of one or more physiologically effective substance(s) 
otherwise not passing the blood brain barrier. 

35. Use of the drug targeting system according to any of the claims 1 to 14 in the 
preparation of a medicament achieving a pharmacological effect in the central nervous 
system of a mammal by the action of one or more physiologically effective substance(s) 
otherwise passing the blood brain barrier in an amount being not or not sufficiently 
pharmacologically effective. 

36. Use according to any of the claims 30 to 35 in the preparation of a medicament being 
adapted for an oral, intravenous, subcutaneous, intramuscular, intranasal, pulmonal or rectal 
administration, preferably for the oral or intravenous administration. 
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37. Use according to any of the claims 30 to 36 in the preparation of a medicament for 
administration to a human. 

38. A method of targeting one or more physiologically effective substance(s) to a specific 
target within or on a mammalian body, wherein a drug targeting system according to any 
of the claims 1 to 14 is administered to a mammal. 

39. The method according to claim 38, wherein a passage of one or more physiologically 
effective substance(s) through the blood brain barrier is effected by administering said drug 
targeting system to said mammal, preferably to a human, and allowing a sufficient time -to 
pass until a pharmacologically effective amount of said physiologically effective substance(s) 
has passed the blood brain barrier. 

40. The method according to claims 38 and 39, wherein said administration is effected on 
an oral, intravenous, subcutaneous, intramuscular, intranasal, pulmonal or rectal route, 
preferably on the oral or intravenous route. 
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Hot plate after p.o. application of 
dalargin-loaded tween 85 particle 
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Hot plate after j.v. injection of dalargin- 
loaded 12.000 dextran nanoparticle 
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Hot plate after t.v. Injection of 
dalargin-loaded tween 85 particle 
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ORIGINAL RESEARCH ARTICLE 



Intra-abdominal injection of double-stranded RNA into 
anesthetized adult Drosophila triggers RNA interference 
in the central nervous system 

S Dzitoyeva, N Dimitrijevic and H Manev 

The Psychiatric Institute, Department of Psychiatry, University of Illinois at Chicago, Chicago, IL 60612, USA 



RNA Interference (RNA!) Is a gene silencing mechanism that can be triggered by introducing 
double-stranded RNA (dsRNA) Into cells expressing the appropriate molecular machinery, 
which then degrades the corresponding endogenous mRNA. RNAI can be used for determin- 
ing gene function and creating functional 'knockout 1 organisms. Here we show for the first 
time that RNAi can be induced in adult fruit flies by injecting dsRNA into the abdomen of 
anesthetized Drosophila, and that this method can also target genes expressed In the central 
nervous system (CNS). Two genes were targeted to investigate the effects of dsRNA injection 
on their mRNA content; lacZ transgene (expressed either in the gut or In the CNS), and 
GM06434, the Drosophila homologue of the C. elegans gene nrf (nose resistant to fluoxetine). 
Both the transgene and the endogenous gene were successfully silenced In adult Drosophila 
by intra-abdominal injection of their respective dsRNA. We propose that our method of RNAI 
in adult flies can be used to characterize gene functioning in the CNS without the typical 
interference in development found in most gene mutation studies. Molecular Psychiatry (2001) 
6, 665-670. 

Keywords: RNAi; gene silencing; fruit fly; CNS; lacZ; beta galactosidase; fluoxetine; Nrf; 
antidepressant 



Introduction 

RNA interference (RNAi) is a rapid method of specific 
gene inactivation. 1 - 2 It is believed that RNAi is a 
physiological mechanism of functional gene silencing 
that is triggered by double-stranded RNA (dsRNA). 
This mechanism provides cells with a defense against 
mobile DNA elements that cause mutations or against 
viruses. According to the current understanding of this 
^kess, dsRNA is first processed into many short 
^ces, each of about 21-23 nucleotides. 3 - 4 These frag- 
ments are incorporated into a complex which carries 
out the second RNA-degradation reaction. 5 - 0 Whether 
RNAi could be considered a physiological process in 
the central nervous system (CNS) is a highly speculat- 
ive proposition. 7 Experimentally, RNAi can be used to 
selectively suppress the endogenous RNA; ie, to func- 
tionally silence the corresponding gene. This approach 
was recently successfully applied in a functional 
analysis of two chromosomes, chromosome 1 and chro- 
mosome III of C. elegans. 3 - 9 

The feasibility of RNAi has been demonstrated in a 
variety of animal species, including C. elegans, flat- 
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worms, zebrafish, Drosophila, and mouse embryo. 10,11 
Drosophila is particularly interesting due to the 
recently completed sequencing of the Drosophila gen- 
ome and because the fly provides an excellent model 
for studies of complex CNS functions and patho- 
logies. 12 Although transgenic flies can be -created to 
express dsRNA, 13 - 14 a simple method of RNAi- 
mediated gene silencing in the CNS of adult flies, to 
circumvent the unwanted developmental effects of 
RNAi, would present a valuable new research tool 

In this report, we describe how intra-abdominal 
injection of dsRNA can be applied to induce RNAi and 
to silence two genes in adult Drosophila', the lacZ 
transgene {that encodes a protein with 0-galactosidase 
activity) and the endogenous Drosophila gene 
GM06434, which is the Drosophila homologue of the 
gene originally found in C. elegans and termed nrf, 
nose resistant to fluoxetine. 18 In C. elegans, the Nrf 
gene family encodes putative transmembrane proteins, 
which are considered to be possible novel targets of 
antidepressant drugs. 

Materials and methods 

Fly stocks 

The wild Canton-S (CS) strain was obtained from Ralph 
J Greenspan (The Neuroscience Institute, San Diego, 
CA, USA). Transgenic flies bearing the reporter lacZ 
construct that encompassed 11 kb intron of the pdpl 
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gene (restriction fragment) cloned into P-element 
pP(CaSpeR-AUG-bgal) reporter geno plasmicl were 
from Robert V Storti (University of Illinois at Chicago. 
Chicago, IL. USA). The two enhancer trap lines 
that express lacZ in the CNS were obtained from the 
Bloomington Drosophila Stock Center: y(l|w|*l; 
P{w|+mCl=lacW|C8-2-17, donor Y. N. Jan; and ry(506] 
P(ry[+t7.2]=PZI 1(3)06743[06743]/TM3, donor Allan 
Spradling. Flies were cultured at 25°C, 50-60% 
humidity, 12 h/12 h light/dark cycle, on yeast, dark 
corn syrup, and agar food. Studies were performed 
with 4 to 8-day-old flies of both sexes. 

Injections 

Flies were anesthetized by CO a (maximally for 5 min). 
We designed a vacuum-operated fly-holder to accu- 
rately position flies for intra-abdominal injection. In 
this holder, an elastic ring is used to fix a piece of paper 
tissue (Kimwipes EX-L) over the opening of a plastic 
tube (cut at an angle) attached to a vacuum pump. An 
additional side opening could be closed off by a finger- 
tip to regulate the force of the vacuum holding the 
anesthetized fly on the surface of the paper. The holder 
is positioned over a porous surface attached to a 
humidified flow of C0 2 . The fly is positioned so that 
the abdomen can be approached with the injecting pip- 
ette. Using custom-beveled (World Precision 
Instruments) glass pipettes (20 x 40 fim tip diameter) 
coupled to a cell injector (Narishige IM-200) and a 
micromanipulator (Narishige), we injected a volume of 
0.2 /il fly" 1 by a pulse pressure of 300 kPa under a 
stereo microscope. Typically, the injection site was in 
the ventral mid-lateral part of the abdomen at the level 
between the 3rd and the 4 th sternite. 

RNAi induction 

In our experiments, we used bacterial lacZ dsRNA, 
clone GM06434 dsRNA (GeneBank accession number 
AF173374), and as a control, dsRNA for the green flu- 
orescent protein (GFP) gene. Three kb of the entire E. 
coli lacZ gene, the BamHl-Xbal fragment from the 
transformation vector pCaSpeR-AUG-bgal (which 
includes the homology with the Drosophila beta 
galactosidase gene; Table 1), the fragment between 128 
and 652 nt from a partial cDNA of GM06434, or the 
0.8 kb of the GFP gene were subcloned into the 
pBluescript IISK(±). T3 andT7 RNA polymerases were 
used to synthesize the RNA strands. Equal amounts of 
both sense and antisense strands were mixed together, 
heated to 85°C for 5 min, and cooled down slowly for 
15 min. The quality of the dsRNA was assessed on 
0.9% agarose gel. For the injections, dsRNA was 
diluted in injection buffer (0.1 mM sodium phosphate, 
pH 6.8; 5 mM KG) in concentrations of 0.15-1.6 /ig 
jil M (0.8 *ig jd~ l in most experiments). 

Detection of p-galactosidase enzyme activity 
^-galactosidase enzyme activity encoded by its struc- 
tural gene lacZ was assayed in adult transgenic or wild- 
type flies as described elsewhere 18 with minor modifi- 
cations. Flies were anesthetized with C0 2 and then 
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rinsud with 95% ethanol and dissecting buf For {10 mM 
sodium phosphate. pH 7.2; 150 mM NoCl; l mM 
MgClJ. Dissecting buffer (60 jd) was sprond on a sili- 
conized slide. A scalpel was used to cut tho fly along 
the anterior-posterior axis. Sectioning of tho hunds was 
performed on dry ice using u scalpol. Tho dissected 
flies were fixed with 1% glutaraldohyclo/dissocting 
buffer, washed in dissecting buffor, and stniuetl in X- 
Gal staining solution. The expression of lacZ was 
assessed by die presence of tho blue reaction product. 

Assay oflacZ and GM06434 mRNA contents 
We used the RT-PCR assay and specific primers corre- 
sponding to the sequence of the bacterial lacZ (ie, 
the transformation vector used in transgenic flies): 
direct 5'-ctacgtctgaacgtcgaaaaccc-3', reverse 5'- 
cacttcgatggtttgcccggata-3', and GM06434: direct 5'- 
atcgatacggaactctttgcgt-3', reverse 3'atttcgctggggatcac- 
taaac-5'. Total RNA was isolated from the dissected 
intestines of the transgenic flies (for lacZ) or from the^ 
bodies and the dissected CNS tfor the CNS GM06434^ 
The first strand synthesis was carried out for 1 h at 
37°C. Thirty cycles of PCR were performed in 50 ul of 
reaction mix at the following conditions: 92°C for 30 s, 
57°C for 30 s, and 72°C for 45 s with 5 min of final 
elongation. An aliquot of the first strand reaction mix 
was used to amplify ribosomal gene RP49 mRNA with 
the following primers: direct, 5'-atgaccatccgcccagcat- 
aca-3' and reverse, 5'-tgtgtattccgaccaggttac-3'. 

Results 

To test the feasibility of gene silencing in adult Droso- 
phila via intra-abdominal dsRNA injection, we first 
developed a method for injecting anesthetized adult 
flies. This technique allows repeated injections of a 
volume of 0.2 /xl per fly without obvious injury; 
injected flies of both sexes not only survive for weeks, 
they also mate and generate colonies. We used this 
method to inject flies with 0.2 ul of dsRNA-contain- 
ing solution. ^fc 

Previously, it was suggested that Drosophila^ 
expresses significant endogenous ^-galactosidase 
activity, 17 and recent sequencing data point to a sig- 
nificant homology between the £. coli lacZ and the 
Drosophila melanogaster endogenous beta galacto- 
sidases (CG3132, GG9092; Genome Annotation Data- 
base of Drosophila) (Table 1). Thus, we selected our 
lacZ dsRNA to target the putative endogenous Droso- 
phila lacZ as well as the transgenic bacterial lacZ. The 
transgenic lacZ was expressed either in the anterior 
and posterior midgut (11 kb intron Pdpl transgenic 
flies), or in the CNS {we used two different enhancer 
trap fly lines). 

The expression of the lacZ gene and the localization 
of its enzymatically active protein were assessed by the 
presence of a blue/green reaction developed during n 
standard X-Gal assay. We confirmed diat significant 
endogenous /3-galactosidase activity is present in the 
gut of wild-type flies {Figure la). We also found -that 
some of the X-Gal staining originated in4he lumen of 
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£. coli 1 2 1 gaggcccgca ccgatcgccc ttcccaacag ttgcgcagcc tgaatggcga atggcgc ttt gcctggtttc 
Drosophila ttt gcctggtttc 

E. coli 191 cggcaccaga agcggtgccg gaaagctggc tggagtgcga tcttcctgag gecgatactg tcgtcgtccc 
Drosophila cggcaccaga agcggtgccg gaaagctggc tggagtgcga tcttcctgag gecgatactg tcgtcgtccc 

£. coli 271 ctcaaactgg cagatgeacg gttacgatgc gcccatctac accaaegtaa cctatcccat tacggtcaat 
Drosophila ctcaaactgg cagatgeacg gttacgatgc gcccatctac accaaegtaa cctatcccat tacggtcaat 

£. coli 35 1 ccgccgtttg ttcccacgga gaatccgacg ggttgttact cgctcacatt Caatgttgat gaaagctggc 
Drosophila ccgccgtttg ttcccacgga gaatccgacg ggttgttact cgctcacatt taatgttgat gaaagctggc 

£. coli 421 tacaggaagg ccagacgcga attatttttg atggcgttaa ctcggcgttt catctgtggt geaaegggeg 
Drosophila tacaggaagg ccagacgcga attattt 

£. coli 1081 cctctgcatg gtcaggtcat ggatgagcag acgatggtgc aggatatcct gctgatgaag cagaacaact 
Drosophila atatcct gctgatgaag cagaacaact 

£. coli 1141 ttaacgccgt gcgctgttcg cattatccga accatccgct gtggtacacg ctgtgcgacc gctacggcct 
Drosophila ttaacgccgt gcgctgttcg cattatccga accatccgct gtggtacacg ctgtgcgacc gctacggcct 

£. coli 121 1 gtatgtggtg gatgaageca atattgaaac ccacggcatg gtgccaatga ategtctgae cgatgatccg 
Drosophila gtatgtggtg gatgaageca atattgaaac ccacggcatg gtgccaatga ategtctgae cgatgatccg 



£. coli 1281 cgctggctac eggegatgag egaacgegta , 
Drosophila cgctggctac eggegatgag egaacgegta . 



£. coli 1681 cgtttacagg gcggcttcgt ctgggactgg gtggatcagt cgctgattaa atatgatgaa aacggcaacc 
Drosophila cgt ctgggactgg gtggatcagt cgctgattaa atatgatgaa aacggcaacc 

£. coli 1751 cgtggtcggc ttacggcggt gattttggcg atacgecgaa cgatcgccag ttctgtatga acggtctggt 
Drosophila cgtggtcggc ttacggcggt gattttggcg atacgecgaa cgatcgccag ttctgtatga acggtctggt 

£. coli 1821 ctttgccgac cgcacgccgc atccagcgct gaeggaagea 
Drosophila ctttgccgac cgcacgccgc atccagcgct 



t^gut in these flies, possibly due to lacZ expression in 
SRstinal bacteria. Thus, a reduction but not complete 
abolishment of endogenous intestinal 0-galactosidase 
activity was observed after feeding antibiotics to the 
flies (Figure lb). However, injection of lacZ dsRNA 
into naive adult wild-type flies completely removed 
the intestinal 0-galactosidase activity assayed 72 h after 
injection (Figure lc). 

One type of transgenic flies we used expresses lacZ 
and very strong 0-galactosidase activity, both in the 
anterior and posterior midgut (Figure id). Injection of 
lacZ dsRNA abolished enteric 0-galactosidase activity 
in a time-dependent manner (Table 2). We observed 
that higher concentrations of dsRNA (0.8-1.6 jig 
were effective in abolishing the enteric X--gal staining 
earlier; ie, after 24 h, whereas lower concentrations (eg, 
0.5 /ig fd" 1 ) w ©re fully effective after 48 h (Table 2). 
Interestingly, the suppressing effect of lower concen- 
trations appears to last longer (for 11 days at least), 
whereas 7 days after injection of higher concentrations 
of dsRNA we observed some X-gal staining (Table 2). 



More than 24 h was needed for the RNAi process trig- 
gered by the concentration of 0.8 fig /il" 1 lacZ dsRNA 
to reduce/abolish the transgenic lacZ mRNA content 
(Figure Ih) and 0-galactosidase activity {Figure le-g). 
Injection of structurally unrelated dsRNA for the green 
fluorescent protein (GFP) -gene did not reduce 0- 
galactosidase activity (Figure id). 

We used two different types of transgenic flies that 
express 0-galactosidase activity in the CNS 
(Figure 2a,b) and found that the inhibitory effect of 
lacZ dsRNA was not restricted to the -enteric 
expression of the gene. Thus, although injected into the 
abdomen, lacZ dsRNA was effective in inhibiting 0- 
galactosidase activity in the CNS of these hcZ trans- 
genic flies (Figure 2c,d). 

Although the transgene ktcZ is useful as a target to 
test whether RNAi injections in adults would be effec- 
tive, the ultimate utility of -the system -depends on 
whether genes endogenous to Drosophila, particularly 
those expressed in the CNS, can be inhibited as well. 
To test this, we selected the ^ndogenously expressed 
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Figure 1 Endogonous and transgenic lacZ expression/0-galactosidase activity in the gut of adult Drosophila and effect of 
injecting hcZ dsRNA. In control wild-type flies of both sexes, we detected 0-galactosidase activity in the gut '(indicated by die 
arrowhead (a)), and in the uterus, ejaculatory bulb and nephrocites (not shown). Because we hypothesized that some gut X- 
Gal staining might be duo to the presence of intestinal bacteria, we attempted to reduce the presence of bacteria by feeding 
antibiotics to the flies (ampicillin 50 fig ml" 1 , tetracycline 30 /xg ml" 1 , kanamycin 30 jig ml-\ chloramphenicol 30 jig m\"\ and 
amoxicillin 30 jigml-' (500/d laid on top of the food)}, for 2 days. Treatment with antibiotics reduced (b) whereas injection 
of lacZ dsRNA abolished (c) endogenous /3-galactosidase activity. Transgenic reporter lacZ expression was evident in tho 
anterior and posterior midgut of control flies injected with mock dsRNA (green fluorescent protein) (d) (a similar strong X-Gai 
reaction was observed in naive transgenic flies; not shown). Injection of lacZ dsRNA significantly reduced fl-fialactosidese 

actlVltV 24 h after inmrh'nn (n\ anA almnet ^m^lnulir -1 — l : L ao i_ m o ~~ t , > °~ . . *. ^ ° 
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activity 24 h after injection (e) and almost completely abolished it 48 h (f) and 72 h (g) after injection. The presence of tho 



-7 DM* u 1" i. j" « I «"«|»o«wjr auuiwuw u ana /zn igj auer injection. Tne presence or 

reporter lacZ mRNA was abolished 48 and 72 h after lacZ dsRNA in jection whereas the level of RP49 mRNA was not affe. 
(ctrl = naive transgenic control) 



GM06434 mRNA. This gene product is abundant both 
in the CNS and in the periphery. The intra-abdominal 
injection of GM06434 dsRNA was effective in remov- 
ing the endogenous GM06434 from both the CNS and 
the bodies of injected flies (Figure 3). 

Discussion 

Our results established for the first time that dsRNA 
injections into the abdominal body cavity of adult Dro- 
sophila could be used to trigger RNAi and to cause the 
consequent removal of the respective gene products 
from the adull organism, including from organs such 
as the CNS, 

The two gene products we targeted in the CNS of 
adult flies were either a transgene (two lines of the bac- 
teria! /ocZ-expressing flies) or the endogenous 
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GM06434 mRNA. lacZ was used to demonstrate that 
RNAi could affect the phenotype in the adult CNS and 
not only the mRNA. Thus, the loss of function due tc 
dsRNA injection was shown as the absence of the lacZ- 
encoded protein, ie ( by the lack of /3-galactosidase 
activity. On the other hand, GM06434 was used to 
demonstrate that the endogenous mRNA expressed in 
the CNS could also be removed by intra-abdominal 
injection of the corresponding dsRNA. 

The functional role of GM06434 in Drosophila is not 
known and no mutants of this gene have been reported. 
GM06434 is homologous to members of the nrf family 
of genes identified in C elegans." These genes were 
discovered by screening mutant worms resistant to a 
neuromuscular behavioral effect of the antidepressant 
fluoxetine, ie, hypercontractions of the nose muscles, 
in €. elegans $ nrf is expressed in the anterior hypo- 
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1.(1 
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Timo uftor dsHNA initiation (0.2 yd fly 1 } 

tf/i 24 h 40 h 72 h 4 5 7 It 
clays days days days 



ml ml ml -(H) nil 

■Hfl) -(r>) -(5) -(h) nd 

nd nd ml nfl -(f)) 

n-(f>) K5) -(5) nd ncl 

ml ncl ncl ncl -(5) 



nil ±(7) 
-(f)) ±(7) 



ml 
-(5) 
no- 



nd 
nd 
nd 



nd 
nd 
AS) 
' nd 
-(5) 



Tho results are oxprnssod os full activity (+), diminished 
activity (±), and absence of activity (-). The number of flies 
per group is indicated in parentheses; the extent of X-gal 
staining was consistent for each individual group, ie, no sig- 
nificant intra-group variability was observed; nd = not 
determined. 





Figure 2 Inhibitory effect of intra-abdominal injection into 
adult Drosophila of lacZ dsRNA on 0-galactosidase activity 
in the central nervous system. The enhancer-trap lines 
express lacZ in the optic lobe (a) or the antennal lobe (b); 
both /3-galactosidase activities were inhibited 72 h after 
dsRNA injection (c, d). 

dermis and in the intestine. Interestingly, Choy and 
Thomas 15 found that several other antidepressants 
require the presence of those genes to produce 
behavioral effects similar to those of fluoxetine in C. 
elegans. These genes encode predicted transmembrane 
proteins that are homologous both to each other and to 
tho amino acid sequence of Drosophila GM06434— no 
other homology has been found as yet. It was proposed 
that these proteins might represent an alternative target 



Control 24 h 48 h 



CNS B CNS 6 CNS B 
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Figure 3 Disappearance of endogenous GM08434 mRNA in 
the CNS and the bodies of flios injected intra-abdominally 
with GM06434 dsRNA (0.3 jig pl M ). The injected flies were 
processed 24 and 48 h after injection; the total RNA was 
extracted separately from the dissected CNS and the bodies 
(b) (20 flies par group). The presence of GM06434 mRNA 
(upper bands) was abolished in the CNS (24 h and 48 h) and 
the bodies (greatly reduced at 24 h; not detectable at 48 h) 
after GM08434 dsRNA injection (compared with controls 
injected with GFP dsRNA). RNAi did not affect the levels of 
RP49 mRNA (lower bands). 

for antidepressants different from the known target, ie, 
serotonin transporters. 19 Our present finding, that 
RNAi can be used for silencing GM06434 in adult flies 
will help us develop a strategy for understanding the 
functional role of this gene. So far, we did not observe 
any major effects on the basal gross behavior of flies 
injected with GM06434 dsRNA (for example, photo- 
geotaxy; data not shown). However, our current 
research will establish which fly phenotype is associa- 
ted with this gone, and which behaviors in Drosophila 
are affected by administration of antidepressants. 

Another endogenous gene, Drosophila lacZ, appears 
to be affected by dsRNA injection into adult flies. We 
suggest that, due to the homology between bacterial 
and Drosophila lacZ sequences, the dsRNA we used 
was not only effective against the transgene lacZ t but 
also in triggering RNAi both in bacteria (ie, antibiotic- 
sensitive 0-galactosidase activity) and in Drosophila 
cells expressing endogenous lacZ. The functional role 
of Drosophila lacZ has not been extensively studied; 
so far, it has only been recognized that flies express 
significant endogenous 0-galactosidase activity, 10 
whereas recent sequencing data point to a significant 
homology between E. coli lacZ and Drosophila mel- 
anogaster endogenous beta galactosidases (Table 1). 
The lacZ dsRNA we used was primarily targeted 
against bacterial lacZ\ ie, to silence the transgene. 
Nevertheless, we observed that it also suppressed 
endogenous lacZ\ it appears that the homology 
between bacterial and Drosophila lacZ present in this 
3-kb dsRNA is sufficient to trigger RNAi against both 
targets. This observation is not surprising since it has 
been demonstrated that RNAi can be triggered by RNA 
duplexes as short as 149 bp" or even 80 bp, lfi and the 
multiple regions of homology included in our 3000-bp 
dsRNA were at least that long. Moreover, long dsRNAs, 
such as the one used in our lacZ studies, could gener- 
ate a greater variety of 21-23 nt RNAs than shorter 
dsRNAs, thereby increasing the chance for RNAi to 
occur. 19 Clearly, to use RNAi in a specific manner, the 
dsRNA has to be prepared to match only the selected 

Molecular Psychiatry 



SOOC1D <XP S023738A_.I_> 



RNAi In the CNS of adult DnsophBa 

S Szrtcycvs 



670 



target RNA because a sequence shared between several 
closely related genes may interfere with several mem- 
bers of the gene family. 20 

In our experiments on /3-galactosidase activity, we 
investigated the effect of increasing concentrations of 
dsRNA ranging from 0.15 to 1.6 fig p\' 1 (O.OB-0.9 pM) t 
and we injected volumes of 0.2 Jd fly~\ Considering 
that the volume of a fly is about 2 pd, the actual concen- 
trations of lacZ dsRNA per fly were about 8-90 nM; ie, 
in the range of dsRNA concentrations found effective 
in silencing genes in Drosophila embryos. 10 We noticed 
that silencing of lacZ that was triggered with lower 
concentrations of the 3000 bp-long lacZ dsRNA lasted 
longer (at least 11 days) than silencing induced with 
higher dsRNA concentrations. On tho other hand, the 
full effect of higher concentrations occurred faster t Wn 
the full effect of lower concentrations. Although RNAi 
produces long-lasting gene silencing, it has been 
noticed that in some cases it also is reversible. 20 
Numerous factors could influence the efficacy of RNAi 
in vivo; for example, the length of target mRNA, the 
length and concentration of dsRNA, the region of hom- 
ology between the dsRNA and the target, as well as 
other lesser known mechanisms. 20 A better under- 
standing of the exact mechanisms of RNAi will help 
us advance its use. 

With recent successful efforts to fully sequence gen- 
omes of a variety of species including humans, RNAi 
emerges as a valuable tool to study loss-of-function 
phenotypes in functional genomics. With respect to the 
role of gene regulation in the functioning of a fully 
developed CNS, RNAi should ideally be used without 
causing CNS development disturbances. The sim- 
plicity of our RNAi technique can provide researchers 
with an accessible tool to study gene function in the 
CNS of adult fruit flies. Compared with the use of 
mutant flies, the advantage of this method is that a nor- 
mal adult organism can be studied, ie, the targeted gene 
can be functionally silenced without interfering with 
the organism's development. 
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^ Site Design and Programming © ScholarOne. Inc., 2001 . All Rights Reserved. Patent Pending. 
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